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Abstract 
A possibility of a single crystal growth of anthracene on the amorphous coverglass 
substrate is investigated. The evaporation of anthracene assemblies has been perform­
ed on a room temperature substrate in vacuums of -10-4 Torr. 
It is found that they form island stracture and exhibit several types, i. e., single cr­
ystal, polycrystal or amorphous, depending on the experimental conditions. Such a find­
ing of a single crystal growth is confirmed by its orthoscopic and conoscopic figure ob­
servations from crystallographic points of view. The anthracene ;ingle crystal obtain­
eb has a hexagonal structure with about 170x144x0.6!1m3 in size. 
1 . Introduction 
It has been widely accepted that a single crystal growth by the vacuum evaporation 
method is achieved on the substrate whose crystal stracture is similar to that of the 
source material. Such a way is often called an epitaxial growth. In most cases, how­
ever, evaporated material forms polycrystal structure with grain boundaries or imperf­
ections. Thus a choice of substr.ate material is one of a major factor in growing a 
single crystal by an epitaxial method. It is of interest to study a relationship between 
single crystal growth and different kinds of substrates. The purpose of this paper is 
to explore a possibility of a single crystal growth on an amorphous substrate by means 
of a vacuum evaporation. This would provide an easier way to study optical and elec­
trical properties of a single crystal . 
The anthracene is a typical aromatic hydrocarbon and characterized by its high vap­
or pressure, which enables us to evaporate the flakes at low temperatures. It is known 
that the evaporated anthracene films form polycrystalline structures and are composed 
of the accumulation of a-b planes when the substrates are kept at room temperature(l]. 
On the other hand, the films show amorphous structure at lower substrate temperature. 
Not only substrate temperature but also the temperature of the melting pot play an imp­
ortant role in studying a crystal growth by the vacuum evaporation method. Under the 
carefull choice of experimental parameters, such as the distance between the melting 
pot and the substrate, their temperatures and the degree of vacuums, it is observed th­
at an anthracene single crystal is grown even on the amorphous substrate. 
2 .  Experi mental 
The evaporation system used In the present study 1s schematically shown In Fig. I, 
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Tab le 1 Expe r ime ntal parameters for s ingle 
c rys ta I growth. 
where the temperature of the coverglass substrate is at the room temperature, being out 
of controll. The pyrex glass melting pot is heated by a surrounding tungsten wire. The 
distance between the top of the melting pot and substrate was determined as 20mm aft­
er several preliminary experiments. A set of experimental parameters, which leads to 
the formation of single crystal explained below, is summarized in Table 1. Under th­
ese conditions, it takes about 50 minutes for the formation of island structures on the 
substrate. The evaporation hole with 1.2cm diameter of the melting pot is narrow so 
that the vaporized anthracene is condensed in the pot and then starts to diffuse upword 
to the substrate. In this experimental apparatus, the temperature of the substrate is 
raised by the radiation of heater and the vaporized molecules. It should be mentioned 
here that the main valve of the vacuum system IS closed after the evaporation starts, 
which was found to be one of the main factors to get a single crystal . 
The preparation of the source anthracene has been done as follows; a commercial an­
thracene was purifi ed by a Soxhlett extractor with benzene and acetone individually and 
then by the repeated zone melting method over few hundreds times. The coverglass su­
bstrate was cleaned with neutral liquid cleanser, acetone and then with purified water 
by using a microsound washer. 
3. Results 
A typical morphology of crystal gro­
wn in the above system is shown in Fig. 
2, which clearly shows the hexagonal 
structure and is considered as a coal­
escence composed of the order of 1013 
molecules with the dimensions of about 
170x144x0. 611m3 in size. The determin­
ation of those dimensions was mabe by  
a desital micrometer of a micrscope. 
The thinkness of 0.6f1m is caluculated 
from the phase shift evaluated in the 
Fig. 2 An examp le of hexagonal and tran sparent  
depos it ions which has three pairs  of  pa­
ral l e l  s idelin e s .  The c en ter c irc le  i s  a 
beam ( 48,um ) for the measure ment of tra­
n s m is s ion  s p e c tra. 
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Fig. 3 Conoscopic figures of the deposition shown in Fig. 2 .  An isogyre corresponds to 
the orientation of a-axis. These photographs are taken every 15 degrees. An-
gles are due to sample rotation. Numerous aperture is N. A. 0.65 
measurement of the transmission for the polarized light (see below ) . 
3.1 Orthoscopic and conoscopic figures 
The polarizing microscopy is a useful tool to examine whether the growth matrial, 
which is transparent in visual region like anthracene, is a single crystal or not. The 
crystal shown in Fig. 2 was examined by the orthoscopic and conoscopic figures using 
Nicon POH polarizing microscope. The conoscopic observations have been done wit h 
large numerical aperture of N. A. 0 .  65. 
Since the evaporated anthracene crystal placed on the microscope stage can be ro­
tated, ortho and conoscopic figures were observed by taking into account the relation 
between the shape of the crystal and the direction of the polarized light. The orthos­
copic observation shows two extinction positions where the direction of the parallel 
sidelines (top and bottom lines in the figure ) becomes parallel and perpendicular to the 
electric field of the incident I ight. This resu It clearly demonstrates that the hexago­
nal type depositions form single crystals. The conoscopic figures of the same sample 
are shown in Fig. 3. Since one isogyre was observed when the polarized light was 
illuminated perpendicular to the surface, the a-axis of anthracene crystal is found to 
be perpendicular to the pair of parallel sidelines (top and bottom lines in Fig.2 )(2, 3]. 
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3.2 Transmission and its anisotropies 100 
As we have shown above, the evaporated 
anthracene forms a well defined structure � 
on the coverglass substrate. The transm-
iss ion spectrum of such a crystal IS obs-
erved with the use of Olympus MM SP-
TU m ic rospectroscope. lLJ order to get 
enough signals, the diameter of the no po­
larized beam is focused as 48,um with low 
resolution. Figure 4 shows the absorption 




Fig. 4 Abs orp tion spec trum of the depo s it  ion 
shown in F ig .2 .  The inc ident l ight i s  
no rma l ly i l luminated on the  subs trate .  
neglecting the reflection. The broad peak at about 399nm corresponds to the first sin­
glet-singlet transition of anthracene crystals (4, 5). Its absorption at higher energy 
side is due to the optical transitions to the higher vibronic states of the singlet exci­
ted states. Furthermore, the anisotropies of the transmissions at 385 and 400nm were 
measured at 15 degrees from a-axis. The results are depicted in Fig. 5. The formati­
on of a single crystal manifests itself in the good agreement between experimental po­
ints and the theoretical curves calculated for the case of perfect single crystal.. The 
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Fig. 5 Tran smis s ion an i s otropie s at 385 and 400nm of the depos ition shown in Fig.2 . 
Symbol· i s  an exp e r imenta l p lo t  and a s o l id l ine is a the o r e t ica I curve .  
4 . Discussion 
In the case of the vacuum evaporation, there are many important factors in determin­
ing the nature of the evaporated materials such as isolated islands or films formation 
and crystalline or amorphous structures. As stated at the beginning of this paper, the 
growth of a single crystal is usually restricted on the substrates whose crystal struc­
tures are similar to t}l.e evaporated materials. To our knowledge, there has been no 
report that a single crystal is grown on the amorphous substrate. In this paper, we 
have shown several evidences which indicate that the anthracene single crystal is gro­
wn on the coverglass substrate. 
Among various experimental conditions, the temperature of the melting pot is a first 
key to determine whether the formation on the substrate exhibits the islands or films. 
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We found a general trend that the higher temperature ( �50 "C) of the melting pot 
leads to the formation of film structures. The vapor pressure ( P) of anthracene mole­
cules is evaluated as 1.6x1o-• Torr by using Rankine Dupre's formula logP=A - B/T, 
where the material constants A=11. 516, B=4808 ( 6 )  for anthracene and the temperature 
of the melting pot ( T) is 41 "C. The concentration ( N.) of the anthracene molecules is 
4.92x10 12Cm-3 at the top of the melting pot. The mean . free path ( L) is also evaluated 
as 7.97cm at room tem perature (25.5 "C), where the dimension of an anthracene molec-
•3 ule 11. 4x7. 36x3. 4A ( 7 ) is used. Thus the anthracene molecules arrived at the substra-
te are found as N=N.exp ( -x/L) =3.83x10 12cm-3 , where the distance ( X) between the 
melting pot and the substrate is 2.0cm. On the other hand, the saturated concentration 
of anthracene molecules at the substrate is 1.12X10 12cm-3 at 28 "C. Thus the concentrat­
ion ratio ( R) between vaporized molecules and the saturated ones is given by 3.42. 
This eventually means that the over-saturated condition ( R> 1) is well satisfied and 
the vaporized molecules are fully deposited on the substrate. 
Under these situations, the hexagonal shape of • 
an anthracene single crystal was observed as 
shown in Fig. 2. Such a hexagonal shape is ea-
sily found in the a-b · plane of the anthracene 
crystal as shown in Fig. 6 .  The interior angles 
of 125.2" and 109.6" found m Fig. 6 .  coincide 
with that obsevved from Fig. 2. This is also a 
clear evidence to support our claim that the an­
thracene single crystal is grown on the amorph­
ous substrate. 
Finally, let's turn our a ttcntion to the aniso­
tropy of the transmission. The light wave from 
the polarizer is given by 
y.=A.sinwt, ( 1)  
109.6° • • 
• • • 
Fig. 6 An example  of hexagonal sha­
p e s  on the a-b plane of anth­
racene c r y s ta l .  P r imitive un it 
vec to r s  of  a -and . b-axis  are  8.56 and  6.04A in s ize respe­
c t iv ily ( 9 ,  10, 11]. 
where A . is the amplitude and w is the angle frequency. This incident wave is sep­
arated into its a, b components in the crystal as 
In 
Ya =y. cosB, 
m . e Yb =y.sm ' 
(a-axis) ( 2 ) 
(b-axis) ( 3 ) 
where e is the angle between the a-axis and the electric field of the incident light. 
When two components of the light pass through the crystal, they are absorbed and giv­
en rise to the phase shift(S) due to the difference(t.n) between two refractive indexes. 
The light from the crystal are also expressed as 
out j- . Ya = T aA.cosBsmwt, 
ybut = JTbA.sinBsin( wt-8), 
8=2ndt.n/ A., 
(a-axis) ( 4 )  
(b-axis) ( 5 ) 
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where Ta (Tb) are the transmission along a (b)-axis and d is the thickness of the cry­
stal, A is the wavelength of the incident light. From equation ( 4 )  and ( 5 ), the light 
through the anal izer is given by 
out out . ( ) Y8=Ya cos8+yb sm8. 7 
The transmission T 8 is then given as a function of 8, 
T 8=Tacos48+Tbsin48+2/T a Tbcos28sin28coso. ( 8 )  
The solid line in Fig. 5 was caluculated from equation ( 8 ), where the values T a• Tband 
coso at 8=45• were taken our experimental results. Furthermore, the thickness of our 
crystal d=0.6,um is estimated from equation ( 6 ) by using b.n=0 . 145( 8) for anthracene. 
5 . Cone I usi on 
We have grown anthracene single crystals on the amorphous substrate by the vacuum 
evaporation method and got several available parameters. But it is not clear what st­
age in our system a single crystal grows at, i. e., in the over-saturated atmosphere 
below the substrate or on the smooth substrate. In the latter case, the rolling of ant­
hracene molecules on the substrate becomes to play important roles for single crystal 
growth. An investigation of the evaporation on the lower temperature substrate or the 
rough surface of the sudstrate will also be necessary. 
The results obtained from the present study will be useful for not only anthracene 
but also the other materials with high vapor pressure to get the large single crystal 
by the vacuum evaporation method. 
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